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(54) lonomeric modified poly-ether-esther plastic tube for use in conveying medical solutions 
and the like 

(57) An ionomeric modified poly-ether-ester plastic 
material is used as a substitute for the conventional 
uses of polyvinyl chloride in such applications as tubing 
for medical applications, for bags and other medical 
containers, for tubing in food processing and as sheets 
and films for bacterial and virus exclusion. The iono- 
meric modified poly-ether-ester has various advantages 
which make it particularly suitable for such uses. 
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Description 

Background of the Invention 
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tubingfrom one location to another. ForpeZeSdia^Sm Te^L * * *•»* * e 

d>alysate bag with a new bag. This is accomplished Vra^S^SS^ J 1 Pn>CbCB ! ° rep,ace a 
then welding tubing from a new bag to Secut ^cXKSSSiS - 9 *■"*•««"»»«» 

the generally accepted material for forming bagWoS ™£taS££! S" V reP ' aC6 aMtmr ' PVC is 8,80 
processing particularly for fluids and semi solfo? TJZ^^T^T * "T^ USed as ^ in ^ 
films for bacteria, and virus exclusion. Despite its aSS'c^^ ^t^SPn^^ for f0rmin9 ***** ^ 
would be desirable to overcome in such us% FnTJ^T Y 6 **• PVC has a number <* disadvantages which 
leach into the solutions in^b^r^ 

released. Other disadvantages will be later referred to ' V °' Umes of PVC Particulates are 



Summary o f the Inven^o n 



vemio"nafu£^ pJc"^ " » a Serial which wi.l act as an improved reptecement for PVC in the con- 
sion. *» tut*ig food processmg and as sheets and films for bacterial arrives exdu^ 

e^^^i^JTS^ ^^^SST ^ fe an i0 — eric Po^er- 

«™n n a range of 1% to 20% depending upon the end use requirement. 

The Drawings: 

Son" 8 Per5PeOVe — * ade from fonomeric modified poly-ether-ester in accordance with this 
fZI Ia ^T^JT' * " WWay drainage s y stem "«*B *e tubing of Fwure 1- 

invention (Figure ^and^S^SifS ^ characleris «<* of PVC welded to the material of 4 
Figure 5 isaSheniatic ^S^SSKSSS^ T inVentol (Fi9ure 4 > : 
Figure 6 is a schematic »ew show£ a steS ^^.flT^ ^'"i™ "*« peritoneal dial ^ 
ester of this invention; fSd t0 Stenle 1)395 us,n 9 406 ionomeric modified poly-ether- 

^^STtloZ^ 8 ^ 1539 ^ foUr MWI * »* «™«" * the toting of w, 

*^mg parenteral feeding of the body using the tubing of this invention. 
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tionTs^ 

modified poly-ether-ester. PoiyW-esterTa wel taowJ %2Z£? ^ 01 Ws invention is ionomeric 

characteristics. Such materia?* usedTe^ote J STf". * **• advanta " of te hi9h length 

strength of such materia, wou* ^ HuSSe t^SKE^" ^ ^ *• 
-nvention deals, ft has been discovered. howeve7 iStTJH . ? " US6S * PVC "*** •* 

a small amount of an ionomer when would S! ehlSSS matenal can be modified by incorporation of 
to. for example, permit the mater*! when ^ aH^^^^^l^^^^ ^^mity 
depend upon the end use. Sealed tube t0 P°P °Pen. The specific amount of ionomer would 

sealed, welded and the lumen SSSSU £oS Xnlr ISS?* 88 CAPD USe Where 11,6 materia ' fe to 

eopeneo me broad ionomer composrtion range would be 2% to 15%. a more preferred 
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range of 3% - 10%. A range of 7-10% is ideal. The result is a tube which is strong, sufficiently rubber like, and a degree 
of fracture to make reopening of the sealed tubes by finger pressure. For bags, films and other thin structures the ion- 
omer would be present in a range of from 1% to 50% of the combination depending on the end use requirements. For 
food processing tubes and aseptic surgical draping procedures a range of 10% to 20% is desirable. For implanted cath- 
5 eters and sutures the range of 0.5 to 1 % is preferred. 

The material of this invention is thus an ionomeric modified poly-ether-ester wherein the material has from 1% to 
25% ionomer and from 99% to 75% poly-ether-ester with mixtures of 50-50% being feasible. The basic material com- 
ponents are as follows: 

io Poly-ether-ester 

POLY-ETHER-ESTER BLOCK COPOLYMER (Block poly-ether-ester) (Co-poly-ether-ester) (Polyester elastomer) 
(Thermoplastic poly-ether-ester) Tradenames: Hytrel, Lomod, Pelprene and others. A block copolymer containing both 
polyether and ester blocks. The best known example is poly-(tetramethyleneterephthalate-b-poly-oxytetramethylene- 
15 terephthalate). 

Ionomer 

IONOMER Trade name Surlyn, among others. A copolymer of ethylene with 1-10% methacrylic acid, which has 
20 been converted to methacrylate salt, often the sodium, magnesium or zinc salt, by neutralization with the appropriate 
base. The resuttant ionic groups tend to aggregate to form domains which act as physical crosslinks for the polyethyl- 
ene. However, the domains break down on heating, so the material may be melt processed as other thermoplastics. 
The copolymers are produced by the high pressure ethylene polymerization process and so are similar to low density 
polyethylene. The comonomer decreases crystallinity but consequent loss of stiffness is restored by the physical 
25 crosslinks. The material is more transparent than LDPE and shows better adhesion, which makes it useful as a layer in 
laminated coextruded packaging films and in, therefore, homogenous mixing. 
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Boly-ether-este 



EP0 781565A1 



10 



15 



20 



30 



40 



45 



50 



55 




Tensile Strength 
Elongation at Break 
Stress at 5% Strain 
Stress at 10% Strain 
Stress at 15% Strain 

Flexural Modulus: 
at -40°C(-40°F) 
at 23°C (73°F) 
at 100 P C (212°F) 
Brittleness Temperature, Solenoid 



Stiffness 
"D7S 



D746 



Initial Tear Resistance, Die C 
Resistance to Rex Cut Growth, Ross(pierced) 



Toughness 

D 1004 G 
D 1052 
D256f 



D 1044 



Taber, CS-1 7 wheel, 1 kg load 
Taber, H-18 wheel, 1 kg load 

Miscellaneous 

Compression set. after 22h at 70*C (158°F) 2 8MPa 
(400psi)load 

Specific Gravity 

Water Absorption (24 h) 

Softening Point. Vicat 

Heat D^lection Temperature 0.5 MPa (66 psi) 



MPa(psi) 
% 

MPa(psi) 
MPa(psi) 
MPafesi) 



26.2 (3800) 

700 
1.3 (190) 
2.1 (300) 
2.6 (380) 







MPa(psi) 
MPa(psi) 

MPa(psQ 
°C(°F) 


145(21,000) 
28 (4,060) 
14(2,030) 
<-150(<-157) 


1 kN/m(lbf/ln) 
cycles to 5x cut growth 


77(440) 
>1 x 10 6 


J/m(ft • lbf/in) 
J/m(ft • ibf/ln) 


No Break ] 
No Break 



mg/1 ,000 cycles 
mg/1 ,000 cycles 



D3959 


% 


D792 




D570 


% 


D 1525 h 


°C(°F) 


D648 


°C(°F) 



2 
90 

IS" 

1.07 
3 

83(181) 
46(115) 
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Jonomgr 



Rim Property (2 mil blown, 3:1 BUR) 


Tunisia! V/alno 
lypiLal ValUC 


It? a l mfcJUIUU 


Ultimate Tensile Strength, MD/TD, psi (MPa) 


4900 (33.8)/ 5900 (40.7) 


ASTM D-882 


Ultimate Elongation MD/TD, % 


350/400 


ASTM D-882 


Secant Modulus. MD/TD. psi (MPa) 


35.000 (241)/ 38.000 (262) 


ASTM D-882 


Spencer Impact Strength, in Ib/mil (J/mm) 


7.0 (31) 


ASTM D-3420 


Dart Drop Strength, g/ml (g/um) 


300(11.8) 


ASTM D-1709 Method B 


Elmendorf Tear Strength, MD/TD, g/mil (mN/fim) 


18 (6.9)/ 19 (7.3) 


ASTM D-1922 


Gloss, 20° 


75 


ASTM D-2457 


% Haze 


3.0 


ASTM D-1003 



Resin Property 


Typical Value 


Test Method 


Melt flow index, dg/min 


1.3 


ASTM D-1238 condition 190/2.16 


Melt Point, °C (°F) 


98 (208) 


ASTM D-3418 


Freeze Point. °C (°F) 


68 (154) 


ASTM D-3418 ; 


Vicat softening point, °C (°F) Ion type 


74 (165) Sodium 


ASTM D-1525 — 



Poly-ether-esters are valuable materials because they have excellent low temperature properties (freezing) and are 
impervious to chemicals, oils and tissue. They have one serious negative, however, for many end-uses: They stretch 7x 
35 their length under low stress. For example, a tube one foot long wilkStretch to seven feet before breaking. Industrial 
goods such as bags, films, tubes, etc. readily warp out of shape and become unacceptable as end-use products. The 
present invention adds an ionomer to the composition to make useful, thin products. 

lonomers are somewhat like polyethylene in that they are useful as films because they are excellent for food wrap- 
ping, medical and pharmaceutical packing and are impervious to most oils and chemicals. Like polyethylene, they punc- 
40 ture readily and only stretch 3x before fracture. 

A common use is a coating over stronger materials and are frequently used as a co-extrusions on nylon and other 
films to provide heat sealing. 

The invention makes use of the fact that both poly-ester-ethers and ionomers melt at the same temperature. 
(191 °C) Instead of a coating, the invention mixes them together. In this way, the negatives of the two materials could be 
45 adjusted in a variety of ways to make new materials that are stronger than the ionomers, and less stretchy than the poly- 
ether-esters. 

Combining the two materials as described also reduces another major limitation of the poly-ester-ethers (P.E.E.). 
They can absorb excessive moisture depending upon temperature and humidity. In the case of P.E.E. use in autoclaved 
(steam sterilized) medical tubing for example, the moisture pick-up makes the tubing unacceptable for further process- 
50 ing. Adding 5% to 7% ionomer to the composition reduces the moisture absorbance to less than 1% by weight. A level 
comparable to medical grade PVC and well within the limits required for TCD® to welding. 

For forming the material of this invention the following process may be used. The two materials are fed separately 
in pellet form into a single screw extruder. A twin screw extruder could be used satisfactorily but a single screw is suffi- 
cient and simpler to control. The two pellet streams are mixed to the required ratios and fed into the extruder. Extrusion 
55 rates of 1 0 to 250 lbs per hour are practical at melt temperatures of 1 80°C to 200°C. with 1 91 °C being ideal. The melt 
is fed through a sizing die and liquid quenched as it exists the die for accuracy and handling purposes. 

A typical extruder heating and mixing profile would involve feeding the ionomeric and P.E.E. pellets from individual 
feed hoppers into the extruder where the feed zone of the extruder is at 300°F. The material would then pass to a com- 
pression zone at 350°F. The materials would then pass into a melting zone at 375°F. Finally, the material would be 
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Tube?o"hL 1 cSS^^S;^ S^^-^er in accordance with this invention 
* example, using a mcxlif icaton ratio™ ^ ^ T 35 30 improved '"Placement to P^fS 

10 «onS™r:^^ 

ified poly-ether-ester of this iLS^^^^T ieme&olless ^ 1 sec °"* TheionomeS 
materia, will permit steam sterfli^on of^ST^SS TT 9e0me,ry In pSSSe" 

^? 14U ™arybag14mayalsobemadeo^^ 

drainage application the inventor, has ad^ma^Z^ J^^^^^^-^toruS 
^ example, since there is no p,astici 2 er ZZZtSTt^Z^^^ WPh-wKS? 
bag solutions as is common with PVC. Additionally ^er PVC I« Z ?l ^* ' S "° ,eachin 9 <* P^cizer into the 

For urinary drainage application the full baa n ic emioa 
replaced by a fresh bag. Averred ^^ l ^^TT 1 ^^ m( ^^^^ca n be 

5.279,685 the details of which are incoroorateri hor«;« T « 5.156,701; 5.158,630; 5,209,800- 5 244 52? an n 

to asTCD®. By using such ^u^^ZZ^lZ^T^ ** ««2fcSS 
1 6. Th,s leaves a portion of the tubing e^SS^^^ST^ *"* SUteb,e location such as the Son 
•no a tubing 10 leading from the new bag M?2SISS2f T" 12 Anewba S 14 * attached bywS 
16 The full or used bag is complete* sea.5 aS m ZSXS* ^ 31 fte weW Section at Xn 

bag contents will not drain at this point be^S^T^r^^' 6 *^ 600 ""^" ^toPVC The 
ftnger pressure if desired the bag P c Jen^^l a ^^ mert ^ »• «°P «- 18 is opened aS 

™» «ow rate of5gtamsni)minutes npeionmZh^.^ *' la ™ ln,ss ° ,Du ""«"30onlheOs<!a.«i t . 



20 



25 



50 Experimental p i a „. 

^ AR T A; (Disconnect Seal Test) 



55 



^WOdudns 50 pieces olu 4^^^°^ ' Mte ^^ e "«^^boft 
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5) Remove the tubing from the press and see if the seal has broken open. 

6) Repeat steps 4 & 5, 20 times or until the seal breaks, which ever occurs first 

7) Repeat step 3. 

5 PART B : (PVC Disconnect Seal Test) 

1) Repeat Part A using 5 samples of PVC tubing. 
PART C : (Connect Test) 

10 

1) Place two of the disconnect pieces of tubing from PART A into the TCD™ and perform a connect. 

2) Record whether the tubing can be popped open or not. 

3) Repeat steps 1 & 2 using all 50 pieces, thus producing 25 samples 6 inches long. 

is PART D : (Welded Flow Test) 

1) Using a metal can that has a tubing connector at its base, attach one of the welded 6 inch samples to the can. 

2) Fill the can with 2 cups of water and record the amount of time required for the can to drain through the tubing. 
Make sure that the draining water is caught in another can so that the same amount of water can be used in all the 

20 tests. 

3) Repeat step 2 with eight more welded tube samples and one non-welded tube sample. 
PART E : (Weld Tensile Strength Test) 

25 1) Load and run the Tensile Instrument program "INSTFIXE.BAS". This program wills save to disk the tensile 
strength curve results for each of the samples, so they can be regenerated using the program "EXCEL". 

2) Calibrate the Tensile Instrument. 

3) Place one of the welded samples into the clamps of the Tensile instruments and start the test. 

4) Stop the test when the lower clamp of the Tensile Instrument reaches the automatic stop switch. 
30 5) Save the results to disk. 

6) Repeat the steps 3. 4 & 5 with the remaining 24 samples and one non-welded tubing. 

PART F : (Weld Tubing to PVC Tubing) 

35 1) Set the TCD™ to the CONNECT mode. 

2) Place one 3 inch piece of Tubing (E77-200-7-3) into one of the TCD™ clamps. 

3) Place one 3 inch piece of PVC Tubing into the other TCD™ clamp. 

4) Perform the connect operation so that the E77-200-7-3 tubing and the PVC tubing are welded together. 

5) Remove the tubing from the TCD™ and record whether the weld can be popped open, 

ao 6) Place the E77-200-7-3-PVC tubing in the Tensile instrument and repeat steps 1 -5 of PART E. 
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Table 1 



P ART A: (Disconnect Test) 

Sample f h x Halfof T,,h n ff I , tuT" — 

J r -i — 




100 squcc^ts * 
100 squeezes * 
100sqjce;es * 



I Q J T^ T. jOOsquecz^. 

Note: = ,nd,cates flS seal did not l^ o, ledT ' ~ 



100 squeeze s • 
100 squeeze s • 
100 squeezes • 
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Table 2 



PART B: (PVC Disconnect Test) 


PVC Tubing 


Disconnect Seal Strength of each End 


Seal Squeeze Tes 


t using Arbor Press 


Sample # 


1 st Half of Tubing 


2 nd Half of Tubing 


1 st Hall of Tubing 


2 nd Half of Tubing 


1 


62 psi * 


60 psi * 


10 squeezes 


10 squeezes 


2 


60 psi * 


60 psi * 


15 squeezes 


10 squeezes 


3 


60 psi * 


60 psi * 


10 squeezes 


1 5 squeezes 


4 


62 psi * 


63 psi * 


10 squeezes 


10 squeezes 


5 


60 psi * 


60 psi * 


20 squeezes 


10 squeezes 


6 


60 psi* 


60 psi * 


10 squeezes 


10 squeezes 


7 


60 psi* 


60 psi* 


10 squeezes 


15 squeezes 


8 


62 psi * 


60 psi * 


5 squeezes 


10 squeezes 


9 


60 psi* 


63 psi * 


10 squeezes 


10 squeezes 


10 


60 psi* 


60 psi * 


10 squeezes 


10 squeezes 



Note: * indicates the seal did not break or leak. 



PART C: (Ability of weld to pop open.) 

All 25 connected (welded) Samples (E77-200-7-3) popped open easily 

Table 3 



PART D: (Effect of Weld on Water Row through E77-200-7-3 Tubing) 



Sample # 


Flow Time (sec) 


Flow Time (sec) 


Flow Time (sec) 


Avg Flow Time (sec) 


Flow Change (%) 


No Weld 


90.74 


90.41 


90.3 


90.48 


100% 


1 


97.97 


98.29 


98.4 


98.22 


91.40% 


2 


101.27 


101.6 


100.9 


101.25 


88.10% 


3 


95.88 ! 


95.21 


95.28 


95.45 


94.50%. ! 


4 


93.51 


92.89 


93.45 


93.28 


96.90% 


5 


104.45 


103.52 


103.44 


103.81 


85.20% 


6 


101.24 


100.96 


100.26 


100.82 


88.60% 


7 


101.62 


100.34 


100.12 


100.69 


88.70% 


8 


98.67 


97.81 


97.27 


97.91 


91.80% 


9 


99.64 


99.65 


99.48 


99.59 


89.90% 



An advantage of the ionomeric modified poly-ether-ester is its ability to be effectively welded to conventional PVC. 
This is important because it permits the replacement of some of the PVC components with the new material. Thus, for 
example, in CAPD usage it is necessary to remove a used filled bag for replacement by a new empty bag. The conven- 
tional PVC tubing could be cut and tubing from the new material could be welded to the remaining PVC tube segment. 
The new material components could thus gradually replace their PVC counterparts. Figure 3 demonstrates the weld 
strength of PVC tubing to ionomeric modified poly-ether-ester tubing. 
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hearth care industry forboth the tubing and^sdSteS^^, W ^f" 8 PVC 18 ** ^teriaJ of choice of the 
use started early in the 1960s. ZSlX^S^ a ^ e ^^ T ^ PVC are that its long standing 
abundant suppHes. The PVC txS^XZ ^1 12£ J? PVC PrWideS '™ «*< 
insure sterility to the entire product offering prioTto S 0^%^^^° ^t^ 2 *™ after packaging to 
10 contact with dialysis solutions causes several sSToSSf^ Sten,Eat ° n ( 25 ° eFfor tf'irty minutes) of PVC in 
PHLATE), OOP. leaches out of the Pv£ SZta^? 6 PVC p,aSticizer ^WCTYL- 
under suspicion of being a low level ^nogTT^er^S^?^™ ,nt0 816 dia,ysfe «**»• D °P * 

sition is vulnerable toparticulates being IbrmSand^ 
Further, water adsorp^^ 

« approximately 50%causing bag leakage and sterility failuTerRa^S^ 98 redUCes ** plastic ^S* 1 * 
as a material for the tubing 22 and bag 24wh?S^ 
the patiert% she 28. Steam sterilization^^ 

tion area 32 used for replacing solution tegTby ^eparSn^d SS? 5 ' ,,USlrateS lhe Se P aration «™ec- 

Rgure 6 illustrates use ofthe hnoJSSSSKS ^SSSSTS tt 
comes the PVC problems in several ways without Sml?^ 1^ 10 a " d *** 14 ' 71,15 mater « l over- 
invention there is no plasttfcer, thus iJCKj^S^-ffS "Tff "* *• ««- <* *is 
impervious to steam sterilization to retain X^s ^Z^- T d0eS n0t tom plates and is 

positive feature that is un«,ue to sterile conned SISS. « T*™*" haS 

does not make smoke. Conversely, when PVC is he** SiJLTilS? 10 8Chieve ster,Trt * ^ Serial 
ticizer OOP evolves as fine aerosol droplets ^^t^^Z^'T * aforenoted P-« the ptes- 

solutions can be fed to the sterile SjS?^^ ^theTCO^esterite 

•ng areaJso eliminated. Mixing and n^tchinjisvi^ 

source and composition are introduced into Wood cerrtere b£a««S i£T * r f" when 0305 and tubing of unknown 
frozen and retain its flexibility, thus avoiding brMeSTe ^ Eventual, y the material can be 

ics. Blood banks buy blood baas and uy^^^" S,tuat,on in 13,000 h*"* brought on by econom- 
tices. questionable polymer c^mpositionslnTS tESK^^ff * T ^ dumpin 9 Drac - 
measure of control the FDA would prefer to be able to iSS? Jl oT^lw ' n ^ to a 

somehow to exclude tubing that does not meet the FDaSSI ^ re9arc " n9 ,Ube quaKtv te 80,6 

smoke when the welding temperature exceS 200-c T B y 8 P - ?" to a 

the .nstrument can detect the smoke generation and refuse tol^JTT £ 8 T? Smoke detector in *• TCD™ 
a weld the tube ends are made to touch the waferTr ™ i££T* the weldmg cycle. Specifically, prior to making 
make a weld. If smoke is detected the S^Jfi^^Z* ^ ^ * 

■mportant to the FDA and safety of the nation's £££££ ^JX? ""^ miX ^ match prab,em 80 

-^ragespe^ton^p^ 
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sealer. Use of the TCD™ avoids this problem. The TCD™ is located in the work place. The use of the TCD™ in blood 
banking has another important advantage, rt is called "un-bundling M and means complete f lexfoility to disconnect and 
connect blood bags at will. Without the sterile connection technology afforded by TCD™ this concept is not possible. For 
example, when blood is collected at the blood banks it is not known at that time what blood fractions will be required to 
meet end use needs. To overcome this unknown all blood is collected in bag sets. That is, a primary blood bag and four 
satellite bags are sent as a sterilized set. This is illustrated in Figure 7 wherein the blood supply needle 38 has its tubing 
10 leading to primary blood bag 40 with tubing 10 also leading to the four satellite bags 42 each of which has its tubing 
10 connected to the main tubing by the TCD™ connect or disconnect location 16. 

After the blood is centrifuged the fractions are expressed over into various component bags and sealed off. Once 
sealed off the bags can not be re-entered without compromising sterility. In the practice of this invention all of the tubing 
10 and the various bags 40,42 would be made of the ionomeric modified poly-ether-ester material. 

If, for example, only whole blood is needed, the four unused satellite bags 42 are separated and discarded. At 
approximately $2.00 per bag this loss is keenly felt by the blood bank. Moreover, if the bags are used and sealed it is 
not possible to enter the bags to enhance the cell life by the addition of stabilizers, nutrients or enhancers without com- 
promising sterility. 

The use of the TCD™ has made "un-bundling" possible. The TCD™ is designed to sterilely disconnect and connect 
sterile containers at will thereby providing the medical profession a desired level of flexibility and at lower consumable 
costs. 

The use of the ionomeric modified poly-ether-ester materials has proven to be non-pyrogenic to human tissue 
through wide spread use of permanently placed interval sutures. For this reason, the poly-ether-ester material is 
approved by the FDA tor internal human use and is ideal for blood bags. 

Figures 8-9 relate to uve of tne mventon for chemotherapy. Figure 8 illustrates the conventional practice to admin- 
ister chemo-therapeut< drug* cancer patients by introducing the drugs via syringe 44 or a pump into the intra- 
venous transfer tubing 77 Soiutoon *cx*l ateo flow into PVC tubing 22 from P VC bag 24. The syringe port is a conven- 
ient entry site for bacteria For patients whose immune system is depressed from the therapy bacteria entry is life 
threatening. This prottem can be eenwted by the use of the TCD™ instrument. 

Use of the TCD~ ns*un>ent m ctrrOnation with the ionomeric modified poly-ether-ester material for chemother- 
apy application has sever* «nd use advantages. Since there is no plasticizers involved, the danger of plasticizer leach- 
ing into the patient is efarrwated Snce there are no particulates this form of contamination into the patient's blood 
stream is also eliminated The pory^ether-esters are already used widely within humans for sutures and arterial repair. 
They present no pyro-genc detects therefore for human use. 

Figure 9 illustrates use oi cnomeric modified poly-ether-ester material for bag 14 and tubing 10. As shown therein 
at the normal entry port location 46 a ionomeric modified poly-ether ester tube 48 is spliced into the line 50 also made 
of ionomeric modified poly ether -ester and is terminated with a closed (sealed) distal end 52. The syringe 44 or pump 
is sterilely enclosed in a sheath 54 and terminated with a closed sealed distal end. 

Making a sterile connection via the TCD™ the connection is totally contained. No bio-burden can enter the patient 
and no chemotherapy agents can escape outside the system. The syringe can also be sterilely disconnected by the 
TCD™ when the procedure rs complete. 

Figure 10 illustrates use of the nventon for parenteral feeding. For cancer patients who have suffered alimentary 
tract removal because of the cancer, feeding is accomplished by liquid nutrients fed into the patient's blood stream by 
way of a tube inserted into a sub-davian vein and then into the heart. 

Long term implantation oi PVC tubing is also a problem. PVC plasticizer extraction directly into a patient's blood 
stream is particularly troublesome 

As pointed out in Biocoo rattte Polymers. Metals and Composites by M. Szycher, Sponsored by Society of Plas- 
tics Engineers Inc., TechmonK Pushing Co. 1983, flexible PVC compounds can contain up to 40% plasticizer. While 
the chosen material is very carefuiy seeded for its high purity and low toxicity, it can be extracted from PVC by contact 
with some fatty substances, such as by Wood or the digestive system. When contact times are short there is no difficulty, 
but for a number of applicat>on& in when PVC may be in contact with the patient's system for longer periods extraction 
of plasticizer is much less acceptable Strflening of PVC due to plasticizer being extracted may cause patient's consid- 
erable discomfort when a feeding or wound drainage tube is removed after prolonged use. Blood stored in PVC bags 
or flowing through PVC tubes tor tong periods will also extract plasticizer. While that most commonly used, DEHP, has 
been shown to be of low toxicity rt is naturally desirable to avoid any extra burden on a patient's system. This is obviously 
more important for those needing regular hemodialysis for blood transfusions. 

The use of ionomeric modified poly-ether-ester materials for tubing is beneficial in two ways. There is no leaching 
of plasticizers into the patient s system from the implanted tube. Additionally, the poly-ether-ester material is compatible 
with the TCD™ for making ster Ue connects and disconnects from the implant. Figure 10. for example, illustrates the use 
of a poly-ether-ester bag 1 4 supplying the Iquid nutrients through poly-ether-ester tubing 1 0 into the patient's heart 56. 
By use of the TCD™ a sterile connect/disconnect procedure 16 can be effectively used to replace the bag 1 4 with a new 
bag 14. 
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unique" ce^which ^ ^ *° ^ *• "» - ^0^ 
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mammafcan cells, grow more slowly than bacterial cells and reotir^l ? ° m COnip,ex nanisms, called 
ways to grow these unique mammalian ceDs in J^S^Ei^^ *• development new 

20 Preventng non-unique cells from entering th ftoZttZ ^1 major P rablen « in biotechnology today 
systems contamination "W.^nlfcMbKSEX 3,1 «* ^nSial 
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Cell Type 


Average Length of 
Fermentation Cycle 


Number of Connections 
Per Cycle 


Relative of Materials 


Value Average VIU Per 
Connection 


Bacterial 
Mammalian 
Whole Organ 


4 Days 
21 Days 
21 Days 


8 

60 
42 


1X 
10X 
8X 


$3 
$7 
$4 








Number of Connections 


Market C 


Opportunity 


Cell Type 


1994 


2000 


1994 


2000 


Bacterial 
Mammalian 
Whole Organ 


5.2MM 
3.0MM 
0.5MM 


7.9MM 
8.5MM 
0.8MM 


$11MM 
$15MM 
S2MM 


$17MM 
$58MM 
$3MM 


TOTAL 


8.7MM 


17.2MM 


$28MM 


$78MM 



The increase in the number of products in the development and manufacturing phases as well as more products 
derived from mammalian cells, both with higher VILTs, account for much of the growth in the market opportunity. 

The initial targets for the TCD™ are the development and manufacturing phases of mammalian cell culture. The 
reasons for this choice are: 

significant product loss due to contamination 

• high VIU per connection 

• very high income potential per TCD™ placement 

• rapidly growing segments 

• technology still evolving. 

Our initial TCD™ placements will be with small companies which produce monoclonal antibodies by mammalian 
cell culture on contract to other companies. These antibodies are used in diagnostic tests and are in clinical studies for 
disease treatments. 

Six companies worldwide produce monoclonals on contract which sell for $2M to $5M per gram. Their 1990 sales 
were $3MM and are forecast to grow to $8MM (1 995) and as high as $60MM (2000). The demand for monoclonal prod- 
ucts exceeds the present capacity of these companies. In addition, at least 20 companies produce monoclonals far their 
own use. At contract companies, the product loss due to fermentation system contamination is approximately 
15%/week. Discussions with these companies indicate that most of this contamination appears to occur when entering 
the system to add fresh nutrients and remove wastes and product (the monoclonals produced by the cells). Presently, 
there is no simply means to sterilely access these fermentation systems. 

The strategies for market development in the U.S. are: 

■ establish the TCD™ as the state-of-the-art connection technology; 

• utilize scientific meetings and seminars to expose TCD™ technology to marketplace; 

• initially place the TCD™ in a high value-in-use segment. 

Establishing the TCD™ as the standard connection technology for biotechnology depends on demonstrating its 
effectiveness in reducing contamination. Its convenience and simplicity will also be important. Effectively demonstrating 
these attributes requires information collected under normal use conditions. 

Developing and publishing the experience of TCD™ in cell culture will create the exposure to develop a demand for 
this technology in the other biotechnology applications and help establish the TCD™ as the state-of-the-art connection 
technology for this market. 

In addition to the above described uses of the invention the ionomeric modified poly-ether-ester may also be used 
in food processing particularly as tubing for fluids and semi-solids and as the material for making sheets and films for 
bacterial and virus extrusion. When used as sheets or films, the sheet could be draped over the patient and the surgeon 
would cut through the sheet into the patient. The ionomeric modified poly-ether-ester may in effect be used as a suitable 
replacement for PVC in virtually all uses of PVC. 
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SUMMARY OF THE INVENTION 

5 

In an assembly for transferring a fluid between a firct „ . 

the improvement being in that saS plasfc Sfe nS ST„*£ 3 T"* "y means of plastic tubing 

material containing no plaster, and said SmmS caZ*^ SET" S" - material. saS 

opening at internal pressure of up to 60 psi,3 saidS S^ToT^ to ^ to ^ a seal which reS 

The assembly wherein assembly is a urinary drainage assembly 

The assembly wherein assembly is a blood proces ? 

The assembly wherein assembly is a chemotherapy aSf 

The assembly wherem assemtty « a cell culturing asJmbTy 
The assembly where-n assem*y « a food proceing assembly 
The assembly where* cart container ie y ' 
from 1% to 50% ionom. ^ 18 m '* fr ° m 30 mo** poly-ether-ester materia, containing 

In an assembly for fransforrno a nwwai f i h * 

The assembly wherem aswrtHy s a CAPD assembly. 

The assembly wherem assert, * a unary drainage assembly 

The assembly wherem assertx, K a chemotherapy assembly 

W fo er6,n aSMnt>ly " a Parenteral 2*B M* 

^rrerTo- 



45 Claims 
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1. In an assembly for transfernna a flux) between a firefly 

the improvement being in .ha? «* P«a^ i nVrn^oml^ - < ^' nar *» mMn8 « P^c tubing. 
^™tenal containing rx,p*^^ 

, ^assern.yofC.m,^^^,^^ 

3: ^^C^i w2 whe^ 

4. The assembly of any of Claims 1 to 3 i - ~i 

material containing from 1% «o 50% fonomT 00 * fr0m 30 ionomeric ^odif ied poly-ether-ester 
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5. In an assembly for transferring a medical fluid from a first location to a remote second location wherein the fluid is 
in a container at one of the locations and the fluid is conveyed through tubing communicating with the container, 
the improvement being in that said container is made from an ionomeric modified poly-ether-ester material contain- 
ing from 1% to 50% ionomer. 

6. The assembly of any of claims 1 to 3 wherein assembly is: a CAPD assembly; 

a urinary drainage assembly; 
a blood processing assembly; 
w a chemotherapy assembly; 

a parental feeding assembly; 
a cell culturing assembly; or 
a food processing assembly. 

is 7. A plastic tubing for conveying fluid between a first location and a remote container, said tubing being made from an 
ionomeric modified poly-ether-ester material containing no plasticizer and containing from 2% to 15% ionomer, 
said tubing being capable of being welded to itself to form a seal which resists opening at internal pressure up to 
60 psi, and said seal being capable of being opened under external finger pressure. 

20 8. In a container for containing medical fluid, the improvement being in that said container is made from an ionomeric 
modified poly-ether-ester material containing from 1% to 15% ionomer. 

9. In a method of using a surgical drape during an operation wherein the drape is in sheet form placed over a patient 
and a surgeon cuts through the sheet during the operation, the improvement being in that the surgical drape is 

25 made from an ionomeric modified poly-ether-ester containing from 1% to 50% ionomer. 

10. In a method of conveying medical fluid through plastic tubing from a first location to a second location with the fluid 
being in a container at one of the locations, the improvement being in that the tubing is made from an ionomeric 
modified poly-ether-ester containing from 2% to 15% ionomer, and the container being made from an ionomeric 

30 modified poly-ether-ester containing from 1 % to 50% ionomer. 
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